Abstract: At present, radiography plays a significant role in the field of medical image processing. Medical practitioners and radiologists show keen interest in paediatric health informatics especially in foreign body aspiration (FBA). The radiographic techniques such as X-ray, computer topography, magnetic resonance imaging and ultrasound are the commonly used techniques to analyse the interested regions of interest. This paper focusses is in analysing various radiographic techniques used in paediatric FBA with the focus on the significance of radiographic techniques in medical image processing. A framework is proposed to identify and locate the intrude objects in paediatric X-ray images to reduce the misinterpretation in medical diagnosis.
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Introduction
Medical imaging refers to a number of techniques like X-ray, CT, MRI and ultrasound that creates visual representations of the interior organs of the body for clinical analysis. The use of medical imaging has enabled medical practitioners to visualise various organs of the patient without having any surgical process. It can be used to assist diagnosis or treatment of different medical conditions. In general, children unknowingly swallow some objects like coins, buttons, batteries, hot dog, mild food particles, plastic material, meat, peanut, nail pieces, plastic toys, latex balloon, marble ball, metal pin and metallic materials such as small nut, needles leading to accidental aspiration issue. The symptoms of foreign body aspiration (FBA) are highly noticeable but the localisation needs radiography assessment. Hence, the role of radiography is more important in locating such chronic cases of aspiration.
The major techniques of radiography imaging are as follows:
1 X-ray imaging uses radiation to confirm the presence or absence of injury or disease.
2 Computed tomography scan is an imaging method that uses X-ray to create pictures of cross sections of the body.
3 Magnetic resonance imaging uses strong magnetic fields and radio waves to capture and make images. It does not use ionising radiation.
It is essential to adopt radiotherapy process during diagnosis of paediatric FBA. Due to some manual misinterpretations, the accuracy of diagnosis results may reduce. Hall (2012) , Huda et al. (2006 ), Carroll et al., (2003 , Bontrager et al., (2001) , Carlton and Adler (2001) and Hufton, Doyle and Carty (1996) have contributed lot of researches towards the assessment of risk factors in medical images especially considering paediatrics as listed in Table 1 . Based on the risk factor assessment of medical imaging techniques in paediatric FBA, it is found that the X-ray imaging technique has lower risk factors when compared with CT and MRI imaging techniques. Williams et al., (2007) make recommends on optimal acquisition, processing and display to improve image quality for digital and computed radiography. Willis et al., (2004) concludes that pediatric patients are believed to be up to 10 times more sensitive to ionizing radiation than adults and suggests that the imaging examination involving with ionizing radiation should be performed using the lowest possible radiation exposure to the patient (as low as reasonably achievable [ALARA] ) is good for peadiatric patients. Fisher et al. (2013) have made a study to determine the advantage of repeated chest radiography after removal of oesophageal foreign bodies in paediatric population and conclude that the repeated chest radiography is not advisable for the treatment of children. Mendes et al. (2012) discuss about the role of radiology in diagnosis and treatment management of foreign bodies in the gastrointestinal tract. Their work presents the importance of the radiologists being aware of the typical imaging findings of foreign bodies to select the most appropriate imaging modality for detection depending on their nature. Lee et al. (2012) have discussed about the role of radiography in the gastrointestinal tract with foreign bodies. Computer tomography (CT) is useful when radiolucent materials were unable to detect with plain X-rays. CT can also be useful in determining the complications and treatment options. Rizk and Rassi (2011) provide a review to assess the incidence of FBA in paediatric population for prevention and early diagnosis by the physician. He also adds that parental education is more important to reduce this pathology. Anderson and Anthony (2011) discuss about the management strategies for impacted FBs in the several regions of the gastrointestinal tract. Nemat et al. (2010) presented an analytical study of 62 patient's records with different age group. The age of the patients plays a major role for initial radiography image diagnosis. Passàli et al. (2010) presented a survey on FB inhalation in children, which shows that 71.7% underwent endoscopic removal, 8.8% required surgery, 19.6% were treated as outpatient and 12% of children had severe complications. Shaariyah and Goh (2009) present a review of surgical management of FB ingestion and conclude that the plain radiograph is helpful in determining the surgical removal. Shivakumar et al. (2006) reviewed 152 patients (104 children and 48 adults) history with ingested FB. X-ray radiological examination has helped to find the location of FB for all the patients and removed FB using the endoscopy. Dikensoy, Usalan and Filiz (2002) provide a detailed review and conclude that 75-85% of FBs occur in children younger than the 15 years old. However, even in this group, most of them are in less than 3 years of age. Gerbaka, Azar and Rassi (1997) presented a report where FBA remains a significant issue and for every hour eight persons die worldwide from FBA.
SeikholetKuki and Gulati (2014) discuss the most common paediatric foreign bodies ingested like coins, plastic toys or toy parts, sharp objects, button batteries, bones and food particles. The size and thickness of radiological film determine the presence of objects in any X-ray image. The coins are identified by repeated pre-and post-X-ray examination. Yaliwal et al. (2014) present a case study of a 21-year-old female accidental swallowing of double coin. X-ray radiographic before and after oesophagoscopy was made repeatedly to find the missing coin. Segun et al. (2013) present a review of multiple coin aspiration, which were identified and removed by plain X-ray and endoscopy techniques. Anderson and Anthony (2011) highlight on the various types of foreign bodies observed in the gastrointestinal tract. Upadhyaya et al. (2009) discuss on the rare case of multiple coin swallowing with its diagnosis and removal technique. The X-ray radiographic technique was used for the diagnosis and is treated with oesophagoscopy. Saki et al. (2009) present a review report to support their diagnostic results on 1015 patients with the FBAs from 1998 to 2008. The report includes the types of foreign bodies in children, common location of the aspired FB, the common symptom after FBA, the relation between age and aspirated material type, the clinical features and treatment complications. They conclude that the use of proper diagnostic techniques provides a high degree of success. Turcker, Atilla and Topacoglu (2006) describe that the radiograph is a valuable investigation in finding FB. A plain film will easily demonstrate FB such as metal, glass and gravel. But it is difficult to detect radiolucent objects such as rubber, meat, chicken bones and wood. Endican, Garap and Dubey (2006) analysed various types of diagnostic techniques at upper aero digestive tract such as ear, nose and throat for foreign bodies and concluded that sound knowledge of radiography technique is required to avoid unnecessary investigation and management.
From the analysis performed on the existing literature studies, it is observed that the coin aspiration is the most common problem in paediatric FB X-ray images. Some of the researchers have contributed research towards identifying other than coin aspiration such as school stationery, balloons, batteries, wood, toys and the food items like fish and chicken bones. It is clear that the radiography plays major role in the early diagnosis of foreign bodies. The significance of various radiography techniques used in paediatric FBA is specified in Table 2 . Based on the review, it is clear that the significance of radiography in chronic cases of FBA is high. X-ray imaging technique is the commonly preferred imaging technique for most of the cases for the early diagnosis of FB. As a conclusion of this case study and the risk assessment carried over on the medical images, paediatric X-ray images are chosen as an input for the proposed framework for automatic intrude object identification in paediatric (FB) X-ray images. 
Gastrointestinal tract X-ray, CT, MRI Importance of any radiologist being the typical imaging findings of foreign bodies to select the most appropriate imaging modality A plain film will easily demonstrate foreign body such as metal, glass and gravel. But it is difficult to detect radiolucent object such as rubber, meat, chicken bones and wood
The general issues identified on paediatric X-ray imaging are discussed in Table 3 . It is observed that the radiography images have general issues such as image with noise, regions with irrelevant information, intensity problems in images, partial volume effect and data saturation, which make the task of locating and analysing suspicious area difficult by the doctors. At times this leads to misinterpretation of the results obtained.
With this motivation, a generic framework for fine tuning the X-ray radiography image is proposed to improve the accuracy of the diagnosis of paediatric FBA. The detailed description of the proposed framework is discussed in Section 3. (1996) Reduced exposure levels in radiation to the paediatric imaging increases the possibility of unacceptably high quantum noise and that affects the image quality High quantum of noise 3 Huda et al.
The radiation should be adjusted to provide a uniform response to the recorded X-ray image pattern in space and should be tested to provide a uniform appearance of displayed images Carroll (2003) It is important for the radiologist and technologist to review underexposed radiographs to develop a comfort level for which radiographs need to be repeated Underexposed radiographs with low radiation doses leads to intensity problems
Proposed framework
Major artefacts of medical images are noise, motion objects, partial volume effect, MRspecific artefacts and ultrasound-specific artefacts that makes the task of object identification quite difficult for the doctors during diagnosis. To improve the accuracy of the interpretation, it is important to determine if the aspired FB is radio-opaque or not. This process basically requires better visualisation of interested object region. Therefore, adapting image processing key stages will provide better diagnostic results. Hence, a framework is proposed for automatic intrude object identification with anatomic location in paediatric FB X-ray images. The proposed framework consists of various phases such as the initial phase, object identification phase and the classification phase. The purpose of introducing the training phase in this framework is to focus on enhancing the input image by proposing a new image filtering and image segmentation technique. Extracting true ROI, classifying the types and locating the position of FB X-ray images are concentrated in the testing phase. The schematic view of the proposed framework is shown in Figure 1 . 
Initial phase
Advancement in technology has evolved in realising images in digital form in the present day scenario. Medical images are pictures of physical attributes captured by an image acquisition system. These images are post processed for analysis by a computer-assisted method. Medical images are captured by two different ways: 2D image which projects a physical parameter in the human body and one-to-one mapping of the measured value have been produced by the slice images. From the aforementioned survey, it is evident that the X-ray radiographic technique is most commonly used for early diagnosis of paediatric FBA. Hence, for developing an automatic object identification system, sample of paediatric FB aspired X-ray images are chosen. In general, nature of the X-ray image depends on the intensity variation. Due to this problem, the chance of interpreting irrelevant information during the diagnosis is quite common. To overcome this issue, it is necessary to apply a suitable filtering technique to enhance the quality of the image in order to pursue the further key stages in image processing. With this intension, this framework is proposed to evaluate the performance of the quality metrics by applying various image filtering techniques on input image in order to design a suitable filtering technique. The process of segmenting regions of FB X-ray is also very important, which helps to improve the accuracy of the diagnosis process. Also, it is essential to assess the performance of various segmentation techniques by observing the quality metrics. The following metrics are identified to evaluate the performance of filtering and segmentation techniques. Entropy (EN), standard deviation (SD), mean square error (MSE), peak signal to noise ratio (PSNR), average deviation (AD), maximum difference (MD), mean absolute error (MAE), normal cross-correlation (NK), structural content (SC), image fidelity (IF), peak mean square error (PMSE) and structural similarity index metrics (SSIM).
Object identification and classification phase
Object identification and classification phases proposed in this framework are used to identify the intrude object and to locate its anatomic structure in FB X-ray image.
Steps involved in this phase are as follows:
1 read input image 2 apply filtering technique to enhance the quality of the image (noise removed image) 3 apply new segmentation technique on noise removed image to segment the regions of the FB X-ray images 4 apply region growing technique to extract the FB objects (e.g., coin, metal pin, metallic material like small nut, small battery, needles, plastic material, meat, vegetable matter like peanut, nail pieces, etc.) 5 compute the texture and shape features on extracted fb objects 6 classify the types of FB objects (plastic, metallic and food objects) 7 find the anatomic position (e.g., tonsils, epiglottis, trachea, laryngeal, oesophagus, main bronchus, lungs, gastro-oesophageal junction and stomach ) of FB objects
Conclusion and future work
The role of radiographic techniques in paediatric FBA is explored, and a framework for automatic intrude object identification in paediatric (FB) X-ray images is discussed. From the study, X-ray imaging technique is found to be a better input imaging technique. At present, there is no generic framework to identify intrude objects in paediatric X-ray images. To solve this issue, this framework is proposed in order to identify intrude objects in paediatric X-ray images along with its type and location. The proposed framework will attempt to reduce improper diagnosis during early stage of diagnosis with reduced complications in treatment procedure as well. Further, the proposed framework will be developed to fully atomise the process of intrude object identification in paediatric FBA to help medical practitioners and radiologists in early diagnosis of FB X-ray images.
